At a quantum critical point (QCP) -a zero-temperature singularity in which a line of continuous phase transition terminates -quantum fluctuations diverge in space and time, leading to exotic phenomena that can be observed at non-zero temperatures. Using a quantum antiferromagnet, we present calorimetric evidence that nuclear spins frozen in a high-temperature nonequilibrium state by temperature quenching are annealed by quantum fluctuations near the QCP. This phenomenon, with readily detectable heat release from the nuclear spins as they are annealed, serves as an excellent marker of a quantum critical region around the QCP and provides a probe of the dynamics of the divergent quantum fluctuations.
Quantum criticality, the divergence of spatial and temporal extents of quantum fluctuations at a continuous phase transition at zero temperature, is the driving mechanism behind a variety of novel phenomena that challenge conventional theoretical approaches to collective behavior of many-body systems and may also lead to technological applications [1, 2] . This criticality is responsible for the breakdown of Fermi-liquid behavior in heavy-fermion metals [3, 4] and for the emergence of exotic states of matter such as unconventional superconductors [5, 6] , nematic electron fluids [7] in GaAs/AlGaAs heterojunctions [8] and Sr 3 Ru 2 O 7 [9] , and yet-to-be-identified 'reentrant hidden-order' states in URu 2 Si 2 [10] .
Unlike in classical criticality, which is the divergence of order-parameter fluctuations in space at a continuous phase transition occurring at a non-zero temperature [11] , dynamic and static properties are inextricably linked in quantum criticality [12, 13] . A spectacular demonstration of this linkage is the quantum annealing -the quantum-fluctuation-driven relaxation of quenched disorder -of an Ising spin glass near its quantum critical point (QCP), a phenomenon with broad implications in efficient optimization algorithms [14, 15] . Here we report the finding of another relaxation phenomenon near a QCP: quantum-fluctuation-driven release of heat from nuclear spins. This finding opens up a unique avenue to investigate the dynamics of quantum fluctuations that underlie quantum criticality.
For this study, we have chosen the inorganic coordination compound Cr(diethylenetriamine)(O 2 ) 2 ·H 2 O, hereafter referred to as Cr(dien), because of its large number of hydrogen nuclear spins [16, 17] . This quasi-twodimensional quantum magnet has a magnetic-field-tuned QCP at the field H c = 12.3 T, where a highly polarized antiferromagnetic phase gives way to a field-induced ferromagnetic phase. The Cr(diethylenetriamine)(O 2 ) 2 molecule, the key building block of this material, is an oblate, elongated disk-shaped molecule illustrated in Fig.  1(a) . The magnetic ion is Cr(IV), located on the mirrorsymmetry plane of the molecule. In the monoclinic crystal structure of Cr(dien), the S = 1 spins of Cr(IV) form a square lattice along the crystallographic ac plane, with an exchange energy J of 2.71-2.88 K. The spins order antiferromagnetically at T N = 2.55 K in zero magnetic field [17] . Application of a high magnetic field depresses the ordering temperature, pushing it to zero at the critical field H c . We work near this QCP.
The experiment is done in a relaxation calorimeter [18, 19] . A 1.02 mg single crystal of Cr(dien) is placed on the sample platform, weakly linked to the thermal reservoir through the leads for the thermometer and heater. This geometry allows the sample temperature to be raised with the heater with ease and to drop rapidly to the reservoir temperature when the heater is turned off. It also enables the detection of spontaneously released heat in the sample as an observable temperature difference between the sample and the reservoir.
The procedure of the experiment is illustrated in Fig.  1(b) . First, the sample is heated from temperature T 0 (point P 1 or P ′ 1 in the figure) of the thermal reservoir to temperature T q (point P 2 or P ′ 2 ) ranging from 266 mK to 1.52 K, in magnetic field H q applied perpendicular to the ac plane of the crystal. After 1.4 min at T q , the sample is rapidly cooled back to T 0 in 1.8 s by turning off the heater. This temperature quenching leaves the hydrogen nuclear spins frozen in a nonequilibrium high-energy state corresponding to T q . Subsequently, the magnetic field is swept at 0.2 T/min or 0.1 T/min through the critical field H c . The field sweeps are made at four different T 0 ranging from 96 mK to 261 mK.
As the swept field approaches H c , heat is released in the sample, manifesting itself as a pronounced peak in the temperature difference ∆T between the sample and the thermal reservoir, as shown in Figs. 1(c) and 1(d). The heat release occurs only during the first field sweep after the temperature quenching of the sample from T q , not during subsequent sweeps [20] .
The amount of released heat Q is obtained from the data via
where κ is the thermal conductance of the weak link between the sample and the thermal reservoir, andḢ the field-sweep rate. As shown in Figs. 2(a) and 2(b), Q depends on T q , H q , and T 0 . These dependences indicate unambiguously that the heat is indeed released from the hydrogen nuclear spins, as the following analysis reveals. When hydrogen nuclear spins in magnetic field H q are initially frozen in a nonequilibrium high-energy state determined by temperature T q -while the lattice cools rapidly to temperature T 0 -and subsequently equilibrate with the lattice at another field H, the amount of heat released by them is
Here n H is the number of hydrogen nuclear spins (per formula unit) that participate in heat release, n sample's mole number, R the gas constant, the Planck constant, k B the Boltzmann constant, and γ and I = 1/2 the gyromagnetic ratio and spin of the hydrogen nucleus. The equation takes into account that the nuclear-spin temperature just before the heat release is HT q /H q instead of T q , as a result of the field sweep from H q to H being adiabatic for the nuclear spins except very near H. For T 0 = 181 mK, good agreement between experiment and Eq. 2 is obtained with n H = 10, as shown in Fig.  2(a) , except for a few points for which H q is 18 T or 16 T [21] . At T 0 = 96 mK, the peak that appears at 12.76 T in Fig. 1(d) during downward field sweeps from 13.5 T is very sharp while ∆T > 36 mK, i.e., while the sample temperature T 0 + ∆T is higher than 132 mK. This indicates that hydrogen nuclear spins whose relaxation times τ are very short when T 0 > 132 mK now participate in heat release. When T 0 = 181 mK, they have evidently reached thermal equilibrium with the lattice before each field sweep starts and therefore do not participate in heat release. As shown in Fig. 2(b) , good agreement between Eq. 2 and the T 0 = 96 mK data for H q = 13.5 T is obtained with n H = 15, of which five whose τ are very short at T 0 > 132 mK are assumed to freeze at a nonequilibrium high-energy state at 132 mK instead of T q . When quenched at H q = 10 T, in the antiferromagnetic phase, n H = 10 gives better agreement with the data, suggesting that those five hydrogen nuclear spins do not participate in heat release even at T 0 = 96 mK. Cr(dien) contains fifteen hydrogen atoms per formula unit, as shown in Fig. 1(a) . Among the thirteen in the Cr(diethylenetriamine)(O 2 ) 2 molecule, the five bonded to nitrogens are closer to the Cr(IV) ion than eight that are bonded to carbons [22] . It is very likely that the five hydrogens with short nuclear-spin τ are those bonded to the nitrogens and thus experience stronger fluctuating dipolar field and transferred hyperfine field of the Cr(IV) ion, whereas the ten hydrogens with longer τ are those bonded to the carbons and the two in the water molecule.
The positions of the heat-release peaks [23] are shown in Fig. 3 along with the phase boundary between the highly polarized antiferromagnetic phase and similarly highly polarized paramagnetic phase, which turns into the field-induced ferromagnetic phase at zero temperature, of Cr(dien) near its QCP at H c . This diagram suggests that, in the zero-temperature limit, the loci of the peaks converge on the QCP. These loci delimit the region in which τ is shorter than the timescale of the experiment, a quantum critical region.
How does τ vary within and near this region? To answer this question, we stop the field sweep at field H and record the subsequent relaxation of the sample temperature toward T 0 [24]. The measurements are carried out at T 0 = 181 mK after the sample has been quenched from T q = 796 mK at H q = 13.5 T or from T q = 761 mK at H q = 10 T. To remove uninteresting contributions coming from the magnetocaloric effect and eddy-current heating, the measurements are repeated without temperature quenching, and the control data thus obtained are subtracted from the original data. The relaxation is exponential at some H as shown in Fig. 4(a) but shows stretched-exponential behavior at other H, with the stretching exponent ranging from 0.61 to 0.78. The relaxation rate 1/τ diverges as the field approaches H c , as shown in Fig. 4(b) , indicating that diverging quantum fluctuations of the Cr(IV) spins near the QCP drive the relaxation of the nuclear spins. The divergence is asymmetric around H c , faster for H > H c than for H < H c . This asymmetry is also seen in Fig. 3 as a wider quantum critical region for H > H c than for H < H c .
The amount of heat released during the relaxation-time measurements is shown as a function of |H − H c | in Fig.  4(c) . The result suggests that the ten hydrogen spins that release heat at this temperature contain two groups, each comprising four to six spins per formula unit. Above H c , one group relaxes at |H − H c | of about 0.8 T, whereas the other group relaxes at fields closer to H c . Similarly, below H c , the first group relaxes at |H − H c | of about 0.6 T, whereas the second group relaxes at fields closer to H c . The result is consistent with the molecular structure of Cr(diethylenetriamine)(O 2 ) 2 shown in Fig. 1(a) : the eight hydrogens bonded to the four carbons -with longer nuclear-spin τ -fall into two groups, each consisting of four hydrogens, with distinct ranges of distances from the Cr(IV) [22] .
In conclusion, our results provide unambiguous evidence that temperature quenching of Cr(dien) leaves the hydrogen nuclear spins frozen in a nonequilibrium highenergy state and, as the magnetic field is then brought close to the QCP, quantum fluctuations of the Cr(IV) ionic spins quickly anneal them to reach thermal equilibrium with the lattice. These results also imply that the quantum-fluctuation-driven heat release from nuclear spins is a generic phenomenon to be found near a variety of QCP. Because of the inextricable link between dynamic and static properties in quantum criticality, quantumcritical systems are predicted to exhibit interesting, nontrivial relaxation phenomena during and after a sweep of a control parameter such as magnetic field and pressure through the QCP [26] and also after temperature quenching near the QCP [27] . Our results warn, however, that the response of nuclear spins -which are nearly ubiquitous -to those changing parameters and to quantum fluctuations must be carefully taken into account in real solids. At the same time, heat release from nuclear spins promises to be a useful probe for the dynamics of quantum fluctuations that underlie quantum criticality in a variety of systems.
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